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Abstract
The main purpose of this work is the study of types of cylindrical canister with a 
spherical hub and our have two types of receptor, the first cylindrical closed and the 
second coil is a cylindrical Inside a receiver, we are particularly attached to the 
determination of operating characteristics, the temperature of the absorber, the various 
power and efficiency.
The energy balance is used to determine the thermal characteristics of the absorber in 
order to calculate the temperature concentrated at the surface captor, in the first 
absorber, the heat equation is solved by implicit finite difference method and the second 
from the power output determining a temperature difference between the edges of the 
coil. The comparison of numerical results with those obtained through an experimental 
study conducted in parallel, showing good reliability of the computer code developed.
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1. Introduction
Heating through solar concentration is an application that helps in obtaining high 
temperatures because the output of systems of electrical generation and refrigeration increases with the 
increase of temperatures. The spherical concentrator is more suitable for obtaining temperatures in excess 
of 500°C on the catching area of the absorber. This research work aims to study the thermal behavior of 
two cylindrical steel absorbers, the first  filled with water and the second containing a copper coil open at 
the bottom in which flows a coolant (water) whose energy supply is provided by a spherical concentrator.
The modeling is based on the calculation of heat outcome at the following parameters of the absorber:
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- Temperature concentrated at the catching surface of the absorber. 
- Temperature distribution in the closed cylinder and compared to the measurements. 
- Calculation of the different powers in the absorber. 
- Efficience. 
- Temperature difference in the coolant at the entrance and exit of the coil and compared to the 
measurements. 
The mirror is a spherical cap with a surface area of 0.636 m2 resting on an equatorial-type metallic 
support. 
2. Description of the Apparatus 
We have a steel mounting which consists of two perpendicular axes, an altazimuth assembly and 
an equatorial assembly. In the first type of assembly the mirror turns around a horizontal axis supported 
by a carrier which itself turns around a vertical axis. The rotation around the horizontal axis provides the 
follow up in height while the other rotation provides follow up in azimuth. This very simple structure has 
been made manually. 
The concentrator consists of two basic components: 
 - A spherical reflector 
- A cylindrical absorber 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure .1: Installation of the concentrator 
The mirror is a spherical cap covered with silver, supported by a bronze frame (the reflector). We have 
two steel cylinders, the first one closed, containing water and an inserted rod of the same length carrying 
04 J type thermocouples covered with 2 cm thick glass wool which is itself coated with reflective matter 
except at the base (side capturing concentrated radiation). The second cylinder has an aperture at the base 
containing a copper coil with a thermocouple at each end. The thermocouples are connected to the data 
acquisition system. The mounting of the concentrator is shown on the Figure below. 
3. Energy Output 
In order to carry out an energy output on a cylindrical solar absorber, we isolate the area which 
absorbs the solar radiation concentrated by the reflector. We can then write the energy output of the 
absorbing area as follows: 
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:  Net energy transmitted by the area catching the radiation concentrated by the reflector.  
The net energy for a solar thermal absorber is the amount of thermal energy leaving the absorber, which 
generally means the amount of energy being added to a fluid by thermal transfer through passing into the 
receptor or the converter >2@ that is: 
With  
                                lostabsuseful QQQ
xxx  
                                                                                                                                   
(2)
                                                  
absQ
x
: Optical energy which reaches the plane surface of the absorber is given by >3@ : 
                  refoptabs QQ
xx  K
                                                                                (3)                                 
                  refDNref AIQ  
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                                                                                (4)                                 
refQ
x
 : Energy captured by the reflector 
Optical performance >4@ : 
                                   refabsabsopt UWDK *                                                                        (5)       
*    : Capture ratio (a fraction of the energy reflected by the reflector) >4@ : 
abs
absref
A
AA  *
 
absD   : Absorption factor of absorber surface 
absW   : Transmission factor of the absorber 
refU   : Reflection factor of reflector surface 
Aabs     :   Absorber area 
 
Once the sunrays have made their way towards the receptor above ambient temperature, they cause a 
process of heat loss from the receptor. The modes of this loss are convection, radiation, and conduction; 
they are dependent on the difference in temperature between the receptor and the environment and 
between the geometry of the receptor and that of the concentrator. The formula is given as follows >5, 6@: 
                         rayconvcondpert QQQQ
xxxx  
                                                                       (6) 
Loss by conduction is usually small in comparison to loss by convection and by radiation; it is given by 
the following formula: 
                                
  zTTAQ ambabsabsabscond ' x O                                                                                                            (7)        
z'  : Absorber thickness 
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Tabs: absorber temperature 
Tamb : ambient temperature 
O : Thermal conductivity of air 
Nusselt number Nu is given by: 
                                   Nu = 0,664 (Re)1/2 (Pr)1/3                                                                                 (8) 
 
Heat loss by radiation is important in receptors working only at temperatures slightly above ambient 
temperature, and becomes dominant in collectors working at high temperatures. Figure 5, 2 shows this 
transition for a black immobile vertical surface. The rate of heat loss by radiation is proportionate to the 
surface emittance to the power four. The equation is described under the form >6@ : 
                    
 44 cielabsabsabsray TTAQ  x VH                                                                                 (9) 
Where: 
H : Absorber emissivity factor 
 σ: Stefan-Boltzmann Constant 
The temperature of sky radiance may be 6°C less than ambient temperature; and by Swanbank formula 
(1963). 
Loss by convection depends on wind speed and wind direction in relation to the site. The loss is 
proportionate to the catching surface of the absorber and to the difference between the catching surface 
temperature and ambient temperature >7@.  It is given by the formula>8@ : 
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Combining the previous equations we have a simple expression of the net energy of a spherical 
concentrator based on the receptor energy output. 
 
4. Expression of the Absorber Temperature 
The temperature of the catching surface of the absorber is calculated by means of the equation (1). 
After the preceding calculations, the equation becomes  
                            
  refambabsglobabsDNoptutil ATTUAIQ  x K                                    (12) 
Where Uglob is the global coefficient of heat loss given by: 
 condrayconvglob hhhU          We replace   gDNoptopt CIP K  
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Efficiency is defined as the ratio of the thermal energy absorbed by the absorber to the received energy at 
the aperture of the reflector >9, 10@ 
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TTU  KK
                                                 (14) 
The output reached by the concentrator depends on the intensity of radiation and the difference in 
temperature between the absorber and ambient air. 
The absorber is cylindrical, the temperature depends only on the z axis (the radial and azimuth variations 
are insignificant in comparison with the axial variation), heat transfer takes place by conduction only. 
The equation of heat transfer by conduction is given by means of the following formula 
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The cylinder illustrated in the figure below is initially isothermal at temperature T0 (water temperature). 
At time t = 0, is imposed on the surface temperature Tamb captor, or lack of concentrated radiation at the 
surface.  
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Figure .2 : Schematic 
illustration of a cylindrical 
canister closed 
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Initial conditions were: T(z, t=0) = T0 and T(0, t) = Tabs,  Tff OO  ,  Tff UU   and  Tcc pp    
T: temperature of the fluid (water). 
  TCmTTCmQ pesputil '  xxx
                          
Figure 2 shows absorber prototype comprising a copper coil with water flowing inside the latter 
The obtained system of equations is resolved by the implicit Figure of the complete difference method 
according to space and time. Figure 3 shows an absorber with its back and sides perfectly insulated, and 
exposed to focused sun radiation 
 
Figure 3: concentrator exposed to the sun 
5. Results and Discussion 
 
 
 
 
 
 
 
Figure 4: Influence of the mirror on absorber temperature 
The increase in reflector diameter increases geometrical concentration, which in turn increases the 
temperature of the absorber. When the size of the reflector increases, the flow concentrated in the 
absorber takes the temperature value to higher levels. 
5.1 Evolution of Heat Loss 
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Heat loss by radiation is very important in comparison with loss by convection and by 
conduction because of the radiance concentrated onto the receiving surface; heat loss by conduction is 
insignificant because of the thinness of the absorber, besides being made of metal (steel thermal 
conductivity is considerable). Concerning heat loss by convection due to the smallness of  the exchange 
surface which minimizes this loss with the wind in comparison with heat loss by radiance which plays an 
important role because of the fourth power of absorber temperature (concentration). 
5.2   The Influence of Wind on Heat Loss 
The different temporal variations of heat loss powers in the case of a strong wind reaching a 
speed of 15 m/s shown on Fig 5, compared where the wind is weak (1 m/s), loss by conduction is 
insignificant in comparison with other losses (convection and radiance), for loss by convection increases 
as wind speed increases ; heat loss by radiance decreases when wind speed increases, because the latter is 
dependent on the temperature of the fourth power of the absorber which diminishes according to wind 
speed. 
5.3   Thermal Efficiency of the Concentrator 
Figure 6 shows the variations of the concentrator output during the day. The system’s output is at 
its highest at the start of heating where the temperature of the receptor is equal to ambient temperature. 
The absorber does not lose heat to the ambient environment. When the temperature of the absorber 
increases, output diminishes till it becomes weak. Heating time is longer in the winter than in the summer. 
We can show for any given temperature of use that thermal output hardly increases beyond a set value of 
the ratio of concentration >11, 12@ ; this tends to facilitate the recovery of the produced heat and to lessen 
technological problems during the manufacture of the focusing mirror. 
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Figure 6: Evolution of concentrator efficiency for 22.12.2010 
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Figure 5: Variation in heat loss for22.07.2010 and 22.12.2010 
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Figure 7: Distribution of water temperature inside the receptor 
 
 
 
 
 
 
 
Figure 8: Comparison between the measured and estimated temperature of the absorber 
Figure 8 shows the agreement between the measurements by the thermocouples and the thermal 
stratification calculated by the model. 
5.5 Comparison between Measured and Estimated Temperature 
In Figure 9, the calculation of temperature levels in the absorber agrees with the temperature measured by 
the thermocouples in a qualitative way; but in a quantitative way the values of measured and calculated 
temperature are quite close. 
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5.4    Temperature Distribution 
The thermophysical characteristics of steel are different from those of water,  
6,0 waterO  W/m K, 48 steelO W/m K, Cpwater(T) = [4180 – 5700] J/kg K, Cp steel = 465 J/kg K, and 
this means that heat transfer by conduction is more significant in the walls of the absorber than in the 
water inside the receptor. 
We note that the theoretical curve and the measured levels (thermocouple) have practically the same 
shape. However, we notice a slight increase at the extremity of the curve which is due to the difference 
between the physical characteristics of steel (absorber) and those of water such as thermal conductivity 
and calorie capacity. In fact, the spread of heat by conduction in the absorber (steel) is faster than in 
water. As a result, the upper part of the absorber becomes a source of heat, hence the increase in 
temperature. 
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According to Figure 10, At=Os the difference between the initial tap water temperature and temperature 
at the coil exit (Te =Ts) is nil. But theoretically the difference is different from zero because the net 
power which depends on direct solar radiance. We note that the estimation follows the measurement with 
some fluctuations due to many factors pertaining to the experiment, such as the temporal variation of 
direct solar illumination because of the passage of clouds. 
 
 
 
 
 
 
 
 
 
Figure 10: Comparison between the variations in difference regarding measured and estimated 
temperatures for m= 0.0007kg/s on 05.08.2010 
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Figure 9: Comparison between measured and estimated stratification >09h48 – 10h58@ 
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Conclusion 
The present work is a contribution to research on spherical solar concentrators; it deals particularly with 
problems of heat transfer in the absorber. In fact, the concentration of solar radiance through an optical 
system by which the absorber converts concentrated solar energy into thermal energy, allows us to meet 
various needs: hot water for different uses, production of electricity through the generation of steam, 
sterilization of objects (medical instruments), etc. 
Part of the energy concentrated on the catching surface is lost by reflection off the coating of the latter: 
this is optical loss. Another part of the thermal energy produced by the absorption of incident photons is 
lost by transfer to the environment surrounding the concentrator: it is thermal loss. As for Heat loss by 
radiance, it is proportionate to the fourth power of the temperature, in conformity with the law of 
Stephan-Boltzman. 
Among the most important results we may point out: 
- The increase of reflector diameter leads to increase in temperature of the coolant in the absorber. 
- Fixation of the solar blot in the middle of the absorber. 
- The lower the temperature of the absorber is the better the thermal output of the concentration. 
- Selectivity improves the absorber parameters of the concentrator. 
- The main drawback of selectivity resides in the possible deterioration of the material at very high 
temperatures>1@. 
- Selectivity can be optimized for maximum absorption and minimum emission. 
- Surface treatment. 
- The decrease in mass flow leads to increase in coolant temperature. 
- The prediction of the evolution of temperature field in space and time in the absorber. 
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